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ABSTRACT

Background: Studies of evidence-based medicine (EBM) curricula in graduate medical edu-
cation are common, but little consensus exists on the best methods to teach EBM.
Objective: The purpose of the current study was to evaluate EBM teaching approaches for
graduate medical trainees and to update a 2014 systematic review.

Methods: We conducted a systematic literature search of major health and education
databases for articles published from January 2014 through October 2022. Articles were
independently screened to ensure they described an experimental or quasi-experimental
evaluation of EBM teaching for graduate medical trainees. Quality of included studies was
appraised using the Medical Education Research Study Quality Instrument. Data were
extracted and synthesized using Coomarasamy and Khan'’s hierarchy of EBM teaching and
learning.

Results: Over 1400 articles were screened; 35 met eligibility criteria and were included in our
review. Interactive, classroom-based teaching approaches were most common (23/35, 66%).
Only 2 (6%) studies used a clinically integrated teaching approach. Most studies reported
positive short-term outcomes in EBM knowledge, skills, attitudes, or learner satisfaction. Few
studies evaluated EBM behaviors, and none measured long-term application of EBM
principles.

Conclusions: Reviewed studies had low to moderate study quality, often limited by small
sample size and lack of validated measures. Although commonly encouraged as a teaching
approach, few studies used clinically integrated EBM teaching. Instead of reporting individual,
site-specific efforts, future studies should examine the broader culture of EBM in graduate
medical education and prioritize sustained application of EBM into practice as a key outcome.
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Introduction

Evidence-based medicine (EBM) has become
a pivotal approach to contemporary healthcare and
involves the critical appraisal of medical research
literature and its judicious application to clinical
practice [1]. The Accreditation Council for Graduate
Medical Education (ACGME) mandates successful
understanding and application of EBM skills in resi-
dency through their Practice-Based Learning and
Improvement core competency, which stresses the
importance of locating, appraising, and assimilating
scientific evidence [2]. Despite the increasing focus
on EBM competencies during graduate medical train-
ing, trainees face numerous challenges to EBM learn-
ing and practice, such as insufficient time, limited
knowledge, lack of skill, and a skeptical attitude
toward EBM [3-5].

Although investigations of EBM curricula in grad-
uate medical education are common, there is little

consensus on the most effective approach for teach-
ing EBM. Khan and Coomarasamy [6] proposed
a hierarchical classification of EBM teaching and
learning methods that ranged from interactive and
clinically integrated activities (Level 1) to didactic or
standalone activities (Level 3). However, whether and
how this hierarchy informs EBM education in grad-
uate medical training remains unclear. Teaching and
learning EBM during graduate training is substan-
tively different from medical school because of
increased clinical and administrative responsibilities
[7,8] and long duty hours that contribute to exhaus-
tion and burnout [7,8]. Despite the heightened pres-
sure and time constraints during graduate training,
increased opportunities for independent practice may
foster EBM decision-making and strengthen EBM
habits.

Published evaluations of EBM education during
residency or fellowship tend to be site- or specialty-
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specific, limiting their generalizability. Systematic
reviews on this subject are either dated [7] or focus
on specific educational strategies, such as journal
clubs [8]. In 2014, Ilic and Maloney [9] conducted
a systematic review of methods to teach EBM among
graduate medical trainees, however their review was
limited to randomized, controlled trials (RCTSs)
which are rare in medical education, and thus only
included 9 studies over a 20-year period.

The purpose of the current systematic review was
to evaluate EBM teaching approaches for graduate
medical trainees. We used Ilic and Maloney’s 2014
systematic review [9] as a baseline, but expanded the
scope to include study designs that are more common
in medical education, such as pretest-posttest designs.
Therefore, our goal was to evaluate current experi-
mental or quasi-experimental evidence to determine
how EBM education approaches were associated with
EBM knowledge, skills, attitudes, and behaviors.
Expanding the review beyond RCTs provides
a more comprehensive picture of the current evi-
dence. Ideally, results from this review will build on
past research, address current gaps in knowledge, and
inform future research in this area.

Materials and methods

This systematic review was conducted according to
the JBI Manual for Evidence Synthesis [10] and
adhered to reporting standards established by the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA). Further, we developed
our study protocol according to the PRISMA-
Protocol (PRISMA-P) extension [11] and registered
our review in Open Science Framework (https://doi.
org/10.17605/OSF.IO/FXMDE). Prior to starting the
review, all available medical education databases and
Google Scholar were searched to ensure that a study
addressing this research question had not been pub-
lished after 2014, as this review updates and expands
upon of the systematic review performed by Ilic and
Maloney in 2014 [9]. The study was considered
a nonjurisdiction project by the A.T. Still University
Institutional Review Board in May 2022.

Search strategy

For the current systematic review, we conducted
a literature search of major health and education
databases for articles published from January 2014
through October 2022 that investigated EBM
teaching approaches for graduate medical trainees.
The exact search strategy used in the Ilic and
Maloney systematic review [9] was not available
for reproduction, so a medical librarian (A3)
developed our search strategy in PubMed, includ-
ing PMC (PubMed Central) and MEDLINE in the

strategy (Supplementary Material). To ensure the
search strategy was comprehensive, it was peer-
reviewed using the Peer Review of Electronic
Search  Strategies 2015 Guideline Statement
(PRESS) [12]. Our strategy was then translated to
search in the following EBSCO platform databases:
CINAHL (Cumulative Index to Nursing and Allied
Health Literature) Plus Full Text, ERIC (Education
Resources Information Center), and Education
Source. Searches in these databases were com-
pleted individually using controlled vocabulary
(Supplementary Material). Google and Google
Scholar were also searched using our original
search strategy. The initial searches in all data-
bases were performed on 15 October 2022.

Our search strategy also included grey literature.
In addition to searching the Chronicle of Higher
Education website and the Journal of Graduate
Medical Education, we searched the following data-
bases: Education Abstracts, ProQuest Dissertation
and Theses Global, the Networked Digital Library
of Theses and Dissertations, Open Access Theses
and Dissertations, Database of Abstracts of
Reviews of Effects, and Health Technology
Assessment. Citation and reference chaining from
all reviewed studies was conducted manually. The
three most common journals of reviewed studies
were also hand searched: Advances in Medical
Education and Practice, PRiMER, and Journal of
Surgical ~ Education. We also hand-searched
Academic Medicine and the Journal of Medical
Education and Curricular Development because of
their relevance to our topic. Our search strategy
did not involve contacting authors, experts, or
others to identify additional studies. Deduplication
was performed using Covidence review software,
which is a web-based platform for systematic and
other reviews.

Eligibility criteria

To be included, studies had to be in English, have an
experimental or quasi-experimental design, and
involve medical residents or fellows. Studies from
the grey literature, theses and dissertations, and pre-
prints were also eligible for inclusion. Studies with no
control group or no comparison to baseline, such as
posttest only designs, were excluded. Studies with
mixed populations, such as residents and faculty,
that did not report graduate medical trainees’ results
separately, were also excluded. The EBM teaching
approaches used could include any single one or
combination of the following: lecture, workshops,
small groups, case-based or problem-based learning,
online learning, or clinical application. Studies were
required to report 1 or more of the following EBM
outcomes: knowledge, skills, attitudes, or behaviors.
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Because our review was an update and expansion of
Ilic and Maloney [9], studies published before 2014
were excluded.

Two investigators (Al and A2) independently
screened titles and abstracts of all identified articles
using the Covidence software, and a third researcher
(A3) served as a blinded tie-breaker for any screening
disagreements. This same process was used for full-
text screening of articles to determine inclusion in the
final sample.

Quality assessment

Several instruments are available to assess quality of
medical education research. We chose the 10-item
Medical Education Research Study Quality
Instrument (MERSQI), because it has been estab-
lished as reliable and valid, especially when standar-
dized operational criteria are used, and emphasizes
objective assessment [13]. Scores on the MERSQI
range from 5-18, with higher scores indicating higher
study quality. Standard operational criteria were
established by all authors for MERSQI items. Two
authors (Al and A2) collaboratively scored 15% of
included studies to establish calibration before inde-
pendently assessing the remaining studies. For studies
with fewer than 3 item discrepancies between raters,
the average of the two raters’ scores was used. For
studies with three or more item discrepancies
between raters, the third author (A3) served as a tie-
breaker to reach consensus.

Data extraction

Data were extracted by the first author (Al) using
a data extraction tool developed by the study team for
the current review (Supplementary Material).
Extracted data included study design, educational
intervention, number of sessions, and sample size.
Outcomes extracted included EBM knowledge, skills,
attitudes, behaviors, and learner satisfaction. The
extraction tool was documented in the protocol
a priori and finalized after full-text and quality
review. The first author (A1) piloted and refined the
data extraction tool for 20% of included studies to
ensure the tool was complete prior to data extraction.
The study protocol was updated in Open Science
Framework in January 2024, prior to data extraction.

Results of data extraction were synthesized by
study characteristics, EBM educational approach,
study outcomes, and study quality. Educational
approaches were categorized according to the hierar-
chy developed by Coomarasamy and Khan [6,14],
where 1 was the highest quality and 3 the lowest.
Specifically, Level 1 approaches were interactive and
clinically integrated, Level 2a approaches were inter-
active and classroom-based, Level 2b approaches
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were didactic and clinically integrated, and Level 3
approaches were didactic and classroom-based.
When educational interventions did not fit these
categories, the approach was classified as other.

Results
Search strategy

Our initial search identified 1416 articles; 146 dupli-
cates were removed (Figure 1). Titles and abstracts of
1270 articles were screened, and 65 were considered
eligible for full-text review. Thirty articles did not
meet inclusion criteria during full-text review and
were excluded. Thirty-five studies met inclusion cri-
teria and were included in our quality review and
data extraction (Table 1) [15-49].

Study characteristics

Table 1 reports characteristics of the 35 reviewed
studies, which involved over 1250 participants from
various medical specialties. Most (71%, 25) studies
were conducted in the United States, and 66% (23)
used convenience sampling of a single class or cohort.
The number of sessions ranged from 1-3 (6%, 2) to
more than 5 (71%, 25). All but 1 study used a quasi-
experimental design with, predominantly, pretest-
posttest comparisons of a single group. The experi-
mental design study was a 5-year, longitudinal inves-
tigation comparing a program-level surgery EBM
curriculum across several cohorts of students [27].
Twenty-eight (80%) studies assessed EBM knowl-
edge (20 wusing objective and 8 self-report).
Participants’ EBM skills were assessed in 13 studies
(37%, 11 objective, 2 self-report). Only two studies
assessed EBM behaviors (Table 1). In those 2 studies,
Dasgupta et al. [22] measured EBM behaviors using
faculty-reported number of evidence citations used
by residents in practice, and Richardson et al. [36]
measured EBM behaviors through self-report and
objective review of residents’ documentation in
patient charts. Attitudes toward EBM were assessed
in 12 (37%) studies, and learner satisfaction with the
educational approach was assessed in 14 (40%).

Educational approaches and study outcomes

Study outcomes by educational approach are reported
in Table 2. Only 2 studies [15,16] used Level 1 inter-
active and clinically integrated educational
approaches activities. Al Saiegh et al. [15] used
North American Spine Surgery criteria in an EBM
curriculum focused on lumbar surgery best practices
for 18 neurosurgery residents and 1 neurosurgery
fellow. After a training module, participants held
weekly group reviews for 1year to discuss current
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Figure 1. PRISMA Diagram lllustrating Selection and Review Process of Articles Evaluating Educational Methods to Teach

Evidence-Based Medicine.

lumbar fusion cases in relation to the guidelines,
explain why they thought surgery was performed,
and document cases where they thought surgery
should not be performed [15]. Aneese et al. [16]
implemented an EBM curriculum for 60 internal
medicine residents during a single academic year.
The curriculum included monthly workshops and
journal clubs, weekly senior morning reports, and
monthly chief rounds on current clinical cases [16].
Both studies [15,16] required learners to apply EBM
principles to current clinical cases that directly
informed real patient care, and both reported statis-
tically significant improvements in EBM knowledge
and skills on objective posttests. However, attitudes
toward EBM, long-term retention of EBM concepts,

and sustained application of EBM behaviors were not
assessed in either study. Although Aneese et al. [16]
collected learner satisfaction data, that information
was qualitative and difficult to quantify.

Level 2a classroom-based interactive approaches
were examined in 23 (66%) studies, making this the
most common approach (Table 2) [17-39]. Among
these Level 2a approaches, one-third of studies used
a journal club as the primary educational format
[18,19,23,24,26,28-30]. Examples of interactive learn-
ing activities included conducting literature searches,
engaging in critical appraisals of articles, presenting
evidence on a specific case or topic, and participating
in small-group work. Regarding EBM outcomes, 83%
(19) of studies examining Level 2a approaches
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Table 1. Characteristics and outcomes of reviewed studies by educational approach category (N = 35).

Author(s), Year, MERSQI
Location Score®

QOutcomes Assessed (Direction of

Trainees and Setting Approach, No. Sessions Effect)

Level 1 Educational Approaches (Interactive and Clinically Integrated)

Al Saiegh et al. [15], 19 Surgery residents from 1 Didactic lectures 11.5  Objective knowledge (1)
United States institution >5 sessions Objective skills (1)
Aneese et al. [16], 19 Internal medicine residents ~ Workshops 13.75 Objective knowledge (1)
United States from 1 institution >5 sessions Objective skills (1)
Learner satisfaction (1)
Level 2a Educational Approaches (Interactive but Classroom-Based)
Al Achkar et al. [17], 40 Family medicine residents Small group bootcamp 1 Objective knowledge (1)
United States from multiple cohorts at 1 4-5 sessions Objective skills (1)
institution EBM attitudes (unchanged)
Alavi-Moghaddam 50 Emergency/trauma residents Journal club 15 Objective knowledge (1)
et al. [18], Iran from 1 institution >5 sessions Objective skills (1)
Allon et al. [19], 61 Internal medicine residents  Journal club 14.25 Objective skills (1)
United States from > 1 institution >5 sessions
Chitkara et al. [20], 8-23 Pediatric residents Small-group sessions 9.25  Self-reported knowledge (1)
United States per year from multiple >5 sessions EBM attitudes (1)
cohorts at 1 institution
Collins et al. [21], 165 Internal medicine residents Workshops 6.5 Self-reported knowledge (1)
Canada from multiple cohorts at 1 >5 sessions Learner satisfaction (1)
institution
Dasgupta et al. [22], >50 Pediatric residents from 1 Seminars, morning reports, noon conferences 13 Self-reported knowledge (1)
United States institution >5 sessions EBM attitudes (1)
Self-reported EBM behaviors (1)
Learner satisfaction (1)
Duong et al. [23], 7 Otolaryngology residents from Journal club 8.5  Learner satisfaction (1)
United States 1 institution >5 sessions Self-reported skills (1)
Faridhosseini et al. 18 Psychiatry residents from > 1 Journal club 10 Self-reported knowledge (1)
[24], Iran institution >5 sessions
Halalau et al. [25], 10 Internal medicine residents  Didactic lectures, small groups, team-based 6.25  Self-reported knowledge (1)
United States from 1 institution learning, self-directed learning, resident-to- Learner satisfaction (1)
resident teaching
>5 sessions
Herur et al. [26], India 30 Residents in multiple Journal club 13.5  Objective knowledge (1)
specialties and cohorts from  1-2 sessions Objective skills (1)
1 institution
Komenaka et al. [27], 30 Surgery residents from Faculty mentorship, structured discussions 1 Objective knowledge (1)
United States multiple cohorts at 1 >5 sessions Learner satisfaction (1)
institution
Luc et al. [28], United 4 Surgery fellows from 1 Journal club 10 Self-reported knowledge (1)
States institution >5 sessions Learner satisfaction (1)
Luc et al. [29], United 30 Surgery fellows from > 1 Journal club 12.5  Self-reported knowledge (1)
States institution >5 sessions Learner satisfaction (1)
Mohr et al. [30], 14 Emergency/trauma residents Journal club 13.5  Objective knowledge
United States >5 sessions (unchanged)
Objective skills (unchanged)
Nasr et al. [31], 25 Internal medicine and Workshops 1 Objective knowledge (1)
United States medicine-pediatric residents  >5 sessions Objective skills (1)
from 1 institution
Nelson et al. [32], 60 Pediatric residents from 1 Didactic lectures, 14.75 Objective knowledge (1)
United States institution workshops using the MAARIE framework EBM attitudes (1)
4-5 sessions
Pammi et al. [33], 14 Neonatal fellows from 1 Didactic lectures, small Groups 13.75 Objective knowledge (1)
United States institution >5 sessions Objective skills (1)
Paulet Junca et al. 42 Pediatric residents from 1 Team-based learning 13 Objective knowledge (1)
[34], Switzerland institution 1 session EBM attitudes (1)
Learner satisfaction (1)
Ramaswamy et al. 12 Geriatrics and palliative Didactic lectures, group discussion, case-based 11.25 EBM attitudes (1)
[35], United States medicine fellows from 1 learning, EBM practice with coaching and Learner satisfaction (mixed)
institution feedback
>5 sessions
Richardson et al. [36], 22 Cardiology fellows from 1 Small and large group sessions, short didactic  11.75  Objective knowledge (1)
United States institution and group discussions Objective EBM behaviors (1)
4-5 sessions
Song et al. [37], 21 Family medicine residents Group sessions during noon conferences 11.5  EBM attitudes (1)
United States from multiple cohorts at 1 >5 sessions Learner satisfaction (1)
institution
Tavarez et al. [38], 22 Emergency/trauma fellows ~ Online modules, individual coaching, group 13 Objective knowledge (1)
United States from 1 institution sessions
>5 sessions
Ubbink et al. [39], 89 Surgery residents from Didactic lectures, workshops 14 Objective knowledge (1)
The Netherlands multiple cohorts at 1 2-3 sessions
institution
Level 2b Educational Approaches (Didactic and Clinically Integrated)
Lycan et al. [40], 14 Medical oncology fellows Oncology case documentation, review sessions  12.5  Objective skills (unchanged)

United States from 1 institution >5 sessions
Level 3 Educational Approaches (Didactic, Classroom-Based)

Learner satisfaction (1)

(Continued)
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Table 1. (Continued).

Author(s), Year,

Approach, No. Sessions

MERSQI Outcomes Assessed (Direction of
Score® Effect)

Location Trainees and Setting
Bastaninejad et al. 41 Otolaryngology residents Workshops
[41], Iran from 1 institution >5 sessions

Bentley et al. [42],
United States
Goodarzi et al. [43],

54 Emergency/trauma residents Journal club
from > 1 institution >5 sessions
69 Medical residents from 1

Iran institution >5 sessions
Sadeghi et al. [44], 78 Internal medicine residents  Journal club

Iran from 1 institution >5 sessions
Stewart et al. [45], 44 Pediatric residents from 1 Didactic lectures

United States institution 4-5 sessions

Trickey et al. [46], 40 Surgery residents from

Didactic lectures

Didactic lectures

13.75 Objective knowledge (1)
Objective skills (1)
13.75 Objective knowledge (1)
Objective skills (1)
14 Objective knowledge (mixed)
EBM attitudes (mixed)
Learner satisfaction (mixed)
8.5  Self-reported knowledge (1)
Learner satisfaction (1)
1 Objective knowledge (1)
EBM attitudes (mixed)
13 Objective knowledge (1)

United States multiple cohorts at 1 4-5 sessions
institution
Other Educational Approaches

Clesham et al. [47], 13 Surgery residents from 1 Journal club 11.75 Objective knowledge (1)
Ireland institution >5 sessions EBM attitudes (1)

Hahn et al. [48], 10 Family medicine residents Distribution of curricular tool (TEACH Cards) 7.5  EBM attitudes (1)
United States from 1 institution 0 sessions

Hahn et al. [49], 14 Family medicine residents Distribution of curricular tool (TEACH Cards) 9 Self-reported skills (mixed)
United States from 1 institution 0 sessions EBM attitudes (unchanged)

Abbreviations: 1, improved; EBM, evidence-based medicine; MAARIE, method, assignment, assessment, results, interpretation, and extrapolation;
MERSQI, Medical Education Research Study Quality Instrument; TEACH, Teaching EBM and Clinical topics in the Hospital. "MERSQI scores range

from 5-18, with higher scores indicating higher study quality.

assessed  knowledge [17,18,20-22,24-34,36,38,39,
44]% (10) assessed learner satisfaction [21-23,25,27-
29,34,35,37, 35]% (8) assessed skills [17-
19,23,26,30,31,33], and 30% (7) assessed attitudes
[17,20,22,32,34,35,37] (Table 2). Among the 23 Level
2a studies, 87% (20) [18-29,31-34,36-39] reported
improvements in all measured outcomes, while 13%
(3) [17,30,35] reported mixed or unchanged results
on at least one outcome. Only 2 (9%) studies [22,36]
assessed short-term EBM behaviors, but neither eval-
uated sustained application of EBM.

Only one study [40] used a Level 2b didactic and
clinically integrated approach (Table 2). Lycan et al.
[40] implemented a quality improvement project for
fellows that required them to actively contribute evidence
to an online database for oncology tumour board meet-
ings. Didactic review sessions were held after quality
improvement revisions to the database [40]. Although
Lycan et al. [40] reported that learner satisfaction was
favorable, EBM knowledge, behaviors, and attitudes were
not assessed, and the skills of fellows for adding evidence
to the database did not improve over time.

Six studies [41-46] used Level 3 classroom-based
didactic approaches (Table 2). Five of these studies
[41,42,44-46] reported increases in knowledge, but
most results for skills, attitudes, behaviors, and lear-
ner satisfaction were either unchanged, mixed, or not
assessed. Two used a journal club as the primary
educational method [42,44], and one used didactic
lecture sessions [43].

Three reviewed studies [47-49] had educational
approaches that were categorized as other. Two eval-
uated voluntary use of an EBM clinical tool distributed
to participants [48,49], and one reviewed an asynchro-
nous, virtual journal club using WhatsApp [47].

Study quality

Total MERSQI scores of the 35 reviewed studies
ranged from 6.25 to 15, with a median of 11.75,
consistent with medical education research on non-
EBM topics [13]. The diversity of outcome measures
makes it challenging to directly compare quality
across studies, but MERSQI results do provide
insights into common methodological limitations,
which can inform future research. For example,
a sample size of less than 30 participants (n=16)
and lack of validated measures (n=14) were the
two most common quality limitations. Similarly,
among the 7 studies with a MERSQI score below
10, all relied on either subjective knowledge assess-
ment, attitudes, and/or learner satisfaction rather
than objective outcomes. There were fewer than 3
MERSQI item discrepancies between raters for 29
(83%) studies; interrater reliability for these studies
was strong (r=0.83, p>.001). For the 6 studies with
3 or more MERSQI item discrepancies between
raters, the third author (A3) served as a tie-breaker
to reach consensus.

Discussion

This systematic review evaluated EBM teaching
approaches for graduate medical trainees. Our
study updates and expands upon of the 2014 sys-
tematic review by Ilic and Maloney [9], which eval-
uated EBM teaching methods for undergraduate
and graduate medical trainees. Ilic and Maloney
limited their review to RCTs, yielding only 9 over
20 years. However, our review was more expansive,
including experimental and quasi-experimental
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Table 2. Summary of study outcomes of reviewed studies by categorized level of evidence-based medicine (EBM) educational

approach (N =35).

Educational Approach

Level 1 Interactive and

Level 2a Interactive and

Level 2b Didactic and Level 3 Didactic and

Clinically Integrated Classroom-Based Clinically Integrated Classroom-Based Other®

EBM Outcome (n=2) (n=23) (n=1) (n=6) (n=13)
EBM knowledge

Improved 2 17 0 5 1

Unchanged or mixed 0 2 0 1 0

Not assessed 0 4 1 0 2
EBM skills

Improved 2 6 0 2 0

Not improved or mixed 0 1 1 4 1

Not assessed 0 16 0 0 2
EBM attitudes

Improved 0 6 0 0 2

Unchanged or mixed 0 1 0 2 1

Not Assessed 2 16 1 4 0
EBM behaviors

Improved 0 2 0 0 0

Unchanged or mixed 0 0 0 0 0

Not assessed 2 21 1 6 3
Learner satisfaction

Favorable 1 10 1 1 0

Unchanged or mixed 0 1 0 0 0

Not assessed 1 12 0 5 3

*When educational interventions did not fit defined level categories, the approach was classified as other.

designs to better reflect the most common designs
used in medical education. Among 1270 studies
screened, 35 met inclusion for our review [15-49]
Results indicated common methodological limita-
tions, such as small sample sizes and lack of con-
sistent or validated measures. Further, all but 4
studies were conducted at a single site, included
a single cohort of medical residents or fellows,
used unstandardized educational approaches, or
involved pretest-posttest designs. These factors lim-
ited the internal validity and generalizability of the
reviewed studies.

Opverall, our results supported the conclusions of
previous research. For example, methodological lim-
itations of studies in our review were consistent with
other systematic reviews [7-9]. Similar to Ilic and
Maloney [9], several factors limited our ability to
identify which EBM educational approaches were
most effective. These factors included lack of varia-
bility in the hierarchy [6,14] of educational
approaches across studies, lack of validated or objec-
tive measures for outcomes, and lack of assessment of
EBM behaviors.

Interactive, clinically integrated teaching and
learning of EBM have been promoted as more effec-
tive than standalone, didactic approaches detached
from clinical settings [6,7,14,50]. However, our
review highlighted a lack of research investigating
interactive, clinically integrated EBM education;
only 2 of the 35 reviewed studies examined this
approach. Classroom-based approaches with an inter-
active component were much more common and
included such tasks as structuring clinical questions,
locating and appraising evidence, and engaging in

critical discourse on case scenarios. Although teach-
ing EBM in a classroom-based setting is logistically
feasible, some argue it has questionable or mixed
educational value [51-53]. Further, our results indi-
cated that, while most classroom-based interactive
approaches had favorable short-term outcomes,
EBM behaviors and long-term assimilation of EBM
into practice were rarely assessed. Thus, firm conclu-
sions cannot be made about the long-term effective-
ness of these approaches on clinical practice.

In addition to improving educational outcomes
like EBM knowledge, clinically integrated approaches
may reduce skepticism of trainees regarding feasibil-
ity and utility of EBM, which has been reported as
a barrier to EBM learning and practice [3-5].
Clinically integrated training approaches move
beyond finding and appraising evidence toward com-
municating evidence to patients in lay language. This
communication supports treatment decisions that
balance best available evidence, clinical expertise,
and patient values [54]. In this respect, clinically
integrated EBM education can also reinforce the
ACGME’s core competencies of Interpersonal and
Communication Skills and Patient Care [2].
However, the lack of research on clinically integrated
approaches deserves attention, as it may suggest
important constraints in time or resources that
make these approaches impractical for most pro-
grams. If clinically integrated approaches are unrea-
listic, a re-evaluation of Coomarasamy and Khan’s
hierarchy of EBM teaching and learning methods
may be warranted. In addition, reports from pro-
grams that have successfully established clinically
integrated EBM training would be informative.
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Beyond evaluation of specific EBM teaching
approaches, studies have emphasized the impor-
tance of fostering a program-level culture of EBM
[4,55,56], which is challenging given the lack of
regular assessment of EBM skills in graduate med-
ical training (in comparison to clinical skills, for
example). Although additional research on site-
specific EBM education efforts may be informative,
research should be broadened to consider the resi-
dency program culture as a whole. Fortunately,
measures such as the EBM Environment Scale are
available to empirically assess contextual factors
affecting EBM learning and practice [55].
Supporting a culture of EBM requires easy access
to meaningful resources and infrastructure, includ-
ing sufficient faculty experts, access to medical
librarians and biostatisticians, and protected time
for EBM learning and application [4]. A culture of
EBM also requires a critical mass of faculty men-
tors who support and model EBM [55]. Ultimately,
EBM curricula will be ineffective if residents per-
ceive a lack of interest in, infrequent use of, or low
regard for EBM among faculty [3,4,50].

The current systematic review had potential lim-
itations that may limit the generalizability of our
findings. In our effort to balance the specificity and
sensitivity of the search terms in this strategy, there
may be terms we did not include, resulting in
overlooked studies. In addition, we only included
studies that had at least a quasi-experimental
design, so our results do not consider potential
insights from descriptive or qualitative studies.
Finally, while the MERSQI is an established, valid,
and reliable instrument to assess study quality, it is
limited in allowing direct comparison between stu-
dies using diverse samples and designs such as
those included in our review. The MERSQI also
does not specifically evaluate potential bias.
A Modified Medical Education Research Study
Quality Instrument (MMERSQI) has recently been
developed that better assesses potential bias [57].
Once the MMERSQI is established as reliable and
valid, future systematic reviews may be strength-
ened by using this updated instrument.

Conclusions

Results of our review suggested graduate medical pro-
grams approached EBM curricula in a variety of ways but
relied largely on classroom-based rather than clinically
integrated approaches, perhaps because the latter are
more difficult and less feasible to implement. Although
learning results in the reviewed studies were generally
favorable, higher-level and longer-term outcomes, such
as assimilation of EBM into practice, were rarely assessed.
In addition, studies were limited by small sample sizes
and inconsistent use of validated measures. Future work

is warranted to explore the role of a program-level cul-
ture of EBM, as well as strategies to feasibly offer clini-
cally integrated EBM training. In addition, future
research would benefit from more robust sample sizes,
consistent use of validated measures, and longer-term
assessment of outcomes. These efforts will foster better
understanding of effective EBM education and practice
among graduate medical trainees.
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